A data-logging system was described wherein an accession number, instrument identification, decimal point and special dilution are entered into a data-logger that prints and punches the information on a Hollerith card for human and/ or machine use.
Examples were presented of unique problems in patients where final solutions were provided with simple or complex tools applied specifically to those problems. Medical care does not depend upon a relatively few methods, convenient for machines to run, but depends upon a vast number of chemical techniques that may require a thin layer plate, immunoelectrophoresis, skillful use of a spectrophotometer or perhaps a mass spectrometer.
The chemist and his assistants must be knowledgeable, skillful and ingenious. As clinical chemists, we must use the proper tools and methods for the job in a contemporary way and simplify their use to make our work better and easier. We must understand the developments related to the biology of man in order to make wise applications of our skills. Machines cannot take on these functions. We must make the instrumental outputs compatible with electronic data processing and apply the latter as fast as we can.
The Organization of a Work Simplified Laboratory THOMAS LAURSEN

COPENHAGEN
This paper discusses the organization of the laboratory work at the department of clinical chemistry, Rigshospitalet, Copenhagen, Denmark-a University Hospital, which covers 1,500 beds.
This laboratory has functioned as a unit for more than eleven years. During this time, clinical chemistry has developed enormously and includes a large number of different analyses, simple as well as complicated routine analyses. There is a continuous rise in the total number of analyses and this increase is, at present, 12%per year.
The simple analyses account for the majority of the increase, for example, the determination of heemoglobin and glucose in blood and creatinin, urea, electrophoresis of protein and different enzymes in serum.
The increase in the number of analyses confronted us with the problem of rationalization of our work several years ago. This problem in our laboratory is special, because the laboratory is split, the analyses being distributed among three different work-places. The blood specimens have to be transported to many different work benches, and to avoid too much blood being drawn from the patients, test tubes, as small as possible, have been used for the blood specimens and analytical procedure.
Microlitre-determination, i.e. the use of less than 25 Ill. of the sample for each determination is appealing. Eight years ago we tried to convert many analyses to a microlitre scale but did not succeed.
The accuracy of many of the microlitre-determinations was not satisfactory. Only a few determinations are now made on this scale in our laboratory, for example plasma urea, bilirubin, glucose, and pH and standard bicarbonate in whole blood, taken from the earlobe.
It has been our aim to change many of our analyses to a semi-microlitre scale, i.e. the use of 25 Ill. to 200 Ill. for each determination.
Test Tubes.
The test tubes which are used for the blood specimens, as well as the test tubes which are used in the analytical procedure should be disposable, which also means that they can be used without previous rinsing.
A tube of the size of 80 mm. X 10/11 mm. is widely used for blood specimens and for many analytical procedures. A tube of the size of 100 mm. X 16/17 mm., with round bottom, is used when larger amounts of blood or reagents respectively are required.
Another tube, in the same size but with flat bottom, is much cheaper, but as it cannot stand centrifugation it can only be used for analytical procedures when centrifugation is not required. It is widely used for the transportation of urine specimens from the wards to the laboratory. Brown coloured tubes have to be used when light protection is wanted.
The above mentioned tubes are commercially available but it is obvious that special criteria of the quality of the tubes are required. We demand that the tubes be manufactured as dustless as possible, rinsed three times with distilled water in the factory, and packed dustless in dust-tight boxes. Small handy boxes which contain about 100 tubes are preferred.
We have the right to return the tubes if visible dust is found on the tubes, and if they contain a certain amount of potassium or of sodium. A machine, which automatically can fill the tubes with anticoagulant (EDTA or heparin) and mark the tubes at the same time, has been constructed in our laboratory workshop. Tubes with EDTA are marked with a red ring and tubes with heparin with a yellow ring. This machine can prepare 700-800 tubes per hour.
Pipettes
Up to the present time, constriction pipettes have been used, in sizes from 25 Ill. to 3,000 ul., for pipetting samples as well as reagents. They can be made very accurate and they are easy to use, but it is very tiring for the laboratory technicians to pipette several hundred times using this pipette, and as the number of determinations are still increasing, the pipettes have to be replaced by something else.
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Syringe pipettes are used for pipetting reagents in amounts of 200 Ill. to 10 ml. when possible. If it is necessary to pipette bigger amounts, the pipette has to be equipped with a lever. It is possible to equip a syringe pipette with a valve, which permits easy distribution of the volumes. An apparatus called the DL-pipette is manufactured by the Danish firm, Dansk Laboratorieudstyr, in Copenhagen; it has been of great value to our work for many years. It is possible to pipette a volume of 700 Ill. and more with sufficient accuracy, but not smaller volumes. There is a great need for a good valve, which will permit us to pipette volumes as small as SO Ill. to 100 Ill.
I would like to emphasise that no selfemptying pipettes are used in our laboratory.
It has been our aim that the whole procedure of one analysis should be completed at one workplace. For this reason most of the photometric methods have been supplied with their own photometers.
This photometer has been made in our workshop. It has a selenium photocell, and a microFill. l.-Pipetting machine.
scope lamp as the light source, which gives the most concentrated light. Furthermore, it is furnished with an interference filter so that it can be used for only one analysis. The cuvette is a flow-through-cell, and as a rectangular cell is preferred, a special model has been constructed by Dr. Kjeld Jorgensen in our laboratory. This cuvette has a hole in the bottom, and to ensure that all the fluid is sucked out, a loose plate is placed at the bottom; this forms a capillary space between the plate and the walls, through which the fluid can be sucked out.
To sum up the analytical organization which has been used up to the present:-The blood samples are drawn into disposable test tubes, as small as possible, and distributed to the different work benches at the different laboratories. The centrifugation of the blood specimens is done both centralized and decentralized. Every analytical procedure has, where possible, its own work place and own equipment including photometer.
Disposable glass test tubes have been used for the analytical procedure. Constriction pipettes and syringe pipettes have been used. This procedure has had many advan-tagcs but we feel, now, that it is outdated and that something else has to be done. The number of analyses is still increasing, and the pipctting and different parts of the analytical procedure can not be done by hand any longer. A utornation or semi-automation of the pi petting procedure is very important. Some new semiautomatic instruments, which have been developed in our workshop recently by engineer Mr. Kryger, arc demonstrated. Fig. 1 shows a pipetting machine which is capable of pipetting 25 Ill. to 100 Ill. of serum or whole blood with high accuracy, and after this, dilute the sample with a certain amount of reagents, from I ml. The 1110st important part of this instrument is the valve, which is made up of two pieces of teflon, the lower piece, which has a hole for the pipette, is held in a fixed position, the upper part can be moved by a handle, it has two holes, one which is connected to a suction device and one which is connected to a motor driven syringe pipette. This syringe pipette can emit fluid from 1 ml. to 10 ml. The surfaces of contact between the two pieces of teflon must be carefully ground and polished, as it is very important that the two pieces fit very well together and they have to be held close together by a screw mechanism placed at the centre of the piece.
An automatic pipetting machine, capable of emitting a reagent to several test tubes in a rack is very useful. Fig. 2 shows a machine which automatically pipettes I ml. to 10 mI. of fluid into three test tubes at the same time by means of three different motor-driven syringe pipettes. The same motor moves the rack to the next three test tubes after each pipetting. The racks are held together by magnets which are built into the racks. Such a machine can be an important part of a semiautomatic-discontinuous system (see page 60).
The outline of the principle for the organization of our laboratory work in the future is as follows (Fig. 3) .
The delivery of the specimens as well as the sorting will be centralized at one place, and it will be rational that the centrifugation of the blood specimens is centralized too, because it is more convenient to centrifuge before sorting. The pipetting of samples for the analytical procedures, whether it is the exact amount or sub-samples, could be centralized in some cases. This gives the opportunity to take off samples which are not going to be analysed immediately, and store them for later use.
After this, the samples are transported to the different work-places in the laboratory where the analytical procedures are being done. If it is necessary to use bigger test tubes for the venesection, disposable tubes of the size 100 mm. X 16/17 mm. will be suitable.
At the work bench, automation or a semiautomatic device by using automatic pipetting machines must be used. Procedures which do not require protein precipitation would be preferred.
The photometric readings should be partly centralized. We realise that our home-made photometers now are outdated and should be replaced by photometers, which can be connected to printout mechanisms which again can be connected to electronic computing and recording. We are planning to build up units like this, by using the Dutch photometer "Vitatron." This instrument is very sensitive and stable without drift, and it is relatively simple to construct a flow-through cell, cell holders, and an automatic device for transportation of the fluid from the test tubes to the cell.
The electronic computer will be an essential tool in the laboratory work. Dr. Kjeld Jargensen in our laboratory has planned the electronic computing programme and we have used the computer for calculation and registration of our serum protein electrophoresis on paper for more than two years.
The readings from the photometer are marked on mark-sensing cards, which again are converted 62 to punch cards by a machine in the laboratory and the punch cards can go into the computer, which at the present is outside the hospital.
We are planning to put all our analyses on the electronic computing programme and the programme has been made for most of our analyses. We hope it can be carried out within the next two years.
Finally, 1 wish to emphasise that an automation and a rationalization of the laboratorv work includes not only the automation of the analytical procedure, but also the organization of the work which has to be done before the analytical procedure can be carried out, as well as the calculation and registration of the results.
Discontinuous Discrete Systems of Analysis
B. E. NORTHAM BIOCHEMISTRY DEPARTMENT, GENERAL HOSPITAL, BIRMINGHAM
Introduction
The impetus towards automation in the clinical laboratory has arisen from the constantly increasing work-load that has faced almost all hospital laboratories in Britain, and in other countries, during the past 20 years. Furthermore, serious consideration is now being given to carrying out groups of tests that would bring about very much greater increases in the workload.
Multiple analysis.
Many laboratories have grouped sodium, potassium, urea, chloride or bicarbonate together.
If anyone of these determinations were requested, the others in the group have been carried out as well, because it is easier to perform these analyses as a group rather than to sub-divide the samples into different categories. At the General Hospital, Birmingham, this principle will be extended to 12 determinations using 7 AutoAnalyzer channels -so that when anyone of these 12 is requested, the other I I will be carried out and reported as well. If the determinations are chosen mainly to cover those laboratory tests most frequently requested by the clinician then this could be referred to as "Grouped Analysis." If, on the other hand, the tests are chosen mainly for their diagnostic value to indicate the biochemical function of the organs and systems of the body and are carried out routinely on every patient at the time of admission, then this could be referred to as "Biochemical Profile." Biochemical profile extended to apparently healthy persons might be called "Health Screening."
The A.C.B. Study Group on Automation in Clinical Chemistry has collected information from several hospitals which shows that "Grouped Analysis" with 12 to 13 tests can be chosen to cover about 85 % of the laboratory work-load of blood tests, but in so doing the total number of determinations carried out will be 2-21 times the number actually requested. The Study Group also found that in a number of hospitals only about I in-patient in 4 and I outpatient in 6 had any biochemistry at all-so that the introduction of "Biochemical Profile" requiring at least 12 determinations on every patient would increase the work-load about 5 times again giving a 10 fold increase altogether.
Automatic systems of analysis. The continuousflow system of the AutoAnalyzer has made a considerable contribution to coping with the annual increase in work-load. However, since there is an inevitable interaction between samples in the flow-line the rate of analysis seems likely to be limited to about 60 samples per hour, per channel, and at an approximate cost of £1,000 per channel (either in single or multi-channel form) the system is expensive. For the print-out of results from a continuous-flow system "peakpicking" equipment is required, adding still more to the cost.
The alternative "Discrete Systems" fall into two groups. There is the "Continuous Discrete System" where the samples are processed in separate containers but pass into and through the system continuously. An example of this
